Acute interstitial nephritis (AIN) is a common cause of acute kidney injury, possibly with increasing incidence over recent years; therefore, epidemiological studies provide important information for clinical practice and investigations. The aim of this retrospective study was to describe the clinical features and outcome of patients with biopsy-proven AIN in a region of Morocco. All native renal biopsies (January 2008 to December 2017) on adults were reviewed, but only AIN cases were analyzed. Of the 407 renal biopsies performed in this period, 30 patients were included. The mean age of the patients was 47.1 ± 16.7 years; female gender was preponderant (60%). At the time of biopsy, the serum creatinine level was 33.9 ± 11.8 mg/L. The classic triad of fever, skin rash, and eosinophilia occurred in three (10%) patients. The common causes of AIN were drugs in 13 (43.3%) patients followed by autoimmune diseases in 11 (33.3%) patients. At six months postbiopsy, 26.7%, 33.3%, and 40% had partial, complete, and no recovery, respectively. In this study, a good outcome was associated with autoimmune diseases (P = 0.02) and with a higher intensity of interstitial edema (P = 0.01). However, a presence of a granuloma (P = 0.04), a higher percentage of interstitial fibrosis (P ˂0.01), and glomerulosclerosis (P ˂0.01) were associated with no recovery and steroids seem to have no effect in the recovery (P = 0.14).This information provides a contribution toward understanding the epidemiology of acute renal failure in Africa, with implications in planning future prospective studies.
biopsies performed and in those biopsied for unexplained AKI, AIN was found in up to 27%. [6] [7] [8] [9] [10] [11] AIN is frequently induced by drugs, whereas the other causes included autoimmune diseases, infections, herbal remedies, and neoplasic conditions. 12, 13 A few studies on the clinical features and outcomes of patients with AIN were reported and the literature was limited to case reports or series on general patterns of renal diseases. 13 In Morocco, a descriptive review conducted at our center found that AIN represents 10% of all the renal biopsies between January 2008 and December 2012 but did not report of renal outcome. 14 Therefore, the aim of this study was to describe the clinical features, causes, and histological characteristics as well as treatment and outcome of patients with biopsy proven AIN. We also identified the factors associated with renal recovery in our patients.
Materials and Methods
This retrospective study included all cases of renal biopsy-proven AIN between January 2008 and December 2017 at the Military Hospital Mohammed V, Rabat, Morocco. Two cores of renal tissue were obtained: one was sent for light microscopy and the other for immunofluorescence studies. For light microscopy sections were stained using hematoxylin and eosin, periodic acid-Schiff, Masson's trichrome, and Jones silver stains. The diagnosis of AIN was based on the presence of an inflammatory cell infiltrates of varying composition and interstitial edema with or without interstitial fibrosis. We excluded patients younger than 16 years, patients with glomerulonephritis or primary vascular disease, renal transplant graft biopsies and all patients with least than six months of follow-up from initial admission. We recorded the following data for each patient: age, gender, presence of fever, uveitis, arthralgia, skin rash, eosinophilia, 24-h urinary proteinuria excretion, hematuria, leukocyturia, serum creatinine (baseline value if reported and at the time of renal biopsy), estimated glomerular filtration rate (eGFR), the need for renal replacement therapy (RRT), and histopathological findings. Eosinophilia was defined as eosinophils: 5 × 10 9 /L and the eGFR was calculated using the modified diet in renal disease study equation.
Interstitial edema and infiltration were classified according to the area of the cortex occupied by the edema and cellular infiltrate as mild (10%-30%), moderate (31%-60%) and severe (61%-100%). The nature of cellular infiltrate was composed of eosinophils, lymphocytes, plasma cells, and monocytes. We also reviewed the percentage of glomerulosclerosis, tubular atrophy, and fibrosis as well as the presence of granuloma. The data on the presumed etiological factor of the AIN were identified by the nephrologist. According to clinical features, cause, and the renal biopsy data, the decision to use steroid treatment had been taken by the nephrologist. We followed patients for at least six months after renal biopsy and we monitored renal function during this period. Based on the last serum creatinine available within six months, response was classified as complete, partial or nonresponder. Thus, we defined complete recovery as improvement in serum creatinine level to within 25% of its baseline (or a eGFR ≥60 mL/min/1.73 m 2 if its baseline was not available); partial recovery as a ≥50% decrease in serum creatinine level from its value at the time of biopsy, but not reaching 25% of baseline value; and no recovery as not meeting criteria for complete or partial recovery or remaining on RRT.
Ethical approval for this study was provided by the Institutional Ethical Committee of our hospital.
Statistical Analysis
Statistical analysis was carried using the Statistical Package for the Social Sciences version 19 (IBM Corp., Armonk, NY, USA). Numerical data were expressed as a mean ± standard deviation and categorical data in percentage and numerical values. P <0.05 was considered to be statistically significant.
Results

General and clinical data
Over the 10-year period, 30 cases of AIN were included in this study, constituting 7.3% of all native renal biopsies performed on this period (n = 407). Furthermore, AIN was the most common cause of unexplained acute renal failure (ARF) (30% of all biopsies performed for unexplained ARF). Among the 30 patients with AIN, 18 (60%) were female, 12 (40%) were male, with an average age of 47.1 ± 14.6 (range 19-78) years at the time of renal biopsy. Baseline serum creatinine levels were available for 13 patients (the mean was 10.4 ± 6.1) and two (6.6%) patients had chronic kidney disease as defined by baseline eGFR ˂60 mL/min/1.73 m 2 for at least three months. The classic triad of fever, skin rash, and eosinophilia occurred in three (10%) patients and five (16.7%) patients had uveitis. There was a need of RRT at presentation in only one (3.3%) patient. The demographic, clinical, and laboratory characteristics of the patients are listed in Table 1 .
Causes of acute interstitial nephritis
The common causes of AIN in our study were drugs in 13 (43.3%) patients followed by autoimmune diseases in 11 (33.3 %) patients. The most common culprit drugs were nonsteroidal anti-inflammatory drug (NSAID) (23.3%) followed by antibiotics (10%), proton pump inhibitor (PPI) (3.3%), allopurinol (3.3%), and pemetrexed (3.3%).The antibiotics implicated were cotrimoxazole, amoxicillin, and ciprofloxacin. Pemetrexed is an antifolate agent approved for the treatment of non-small cell lung cancer. Of autoimmune diseases, sarcoidosis was the most common etiology (16.7%) followed by Sjogren syndrome (10%), mixed connective tissue disease (6.7%), and tubulointerstitial nephritis and uveitis syndrome (3.3%).
In one patient, tuberculosis was the causative agent, the other causes included herbal remedies and malignancy conditions (6.7%). The etiology was unknown in only one patient who was dependent RRT at the time of renal biopsy. The causes of AIN in this study are listed in Table 2 .
Histologic findings
On histological examination, interstitial edema and infiltration were identified in all patients. Interstitial infiltration was moderate in 21 (70%) patients, whereas the remaining patients had severe infiltration; whereas interstitial edema was moderate in 16 (53.3%) patients, while the remaining patients had mild edema. Table 3 summarizes the histologic characteristics of the patients with AIN.
Treatment and renal outcomes
Overall, 20 (66.6%) patients were treated with steroids, while the remaining were treated by conservatively care. At six months, of the 20 patients who received steroids, seven (35%) patients achieved complete recovery and seven (35%) patients achieved partial recovery regardless of the cause. However, corticoids treatment did not significantly impact on recovery (P = 0.14). One patient required RRT at the time of renal biopsy and did not recover after six months of follow-up, thus continuing RRT.
At six months postbiopsy, of the 30 patients with AIN, 26.7%, 33.3%, and 40% had partial, complete, and no recovery, respectively. We have compared the clinical and histological features of those patients who recovered completely or partially and those who did not recover ( Table 4 ).
In this study, a good outcome was associated with autoimmune diseases (P = 0.02) and with a higher intensity of interstitial edema (P = 0.01). However, the presence of a granuloma (P = 0.04), a higher percentage of interstitial fibrosis (P ˂0.01) and glomerulosclerosis (P ˂0.01) were associated with no recovery (Table 4 ).
Discussion
The present study summarizes the 10-year experience with renal biopsy-proven AIN at our center. It is the first report in Morocco and North Africa showing the clinical features and outcome of AIN. AIN occurred in 7.3% of all native renal biopsies, this prevalence is higher than other studies. 12, 13 This difference may be explicated by difference of racial characteristics, indications of renal biopsy for unexplained ARF and relative reluctance to biopsy in cases with suspicions of clinical diagnosis or patients whose renal recovery was achieved after withdrawal of the culprit drug. Hence, comparison with different data in order to draw accurate conclusions is difficult. The typical signs of AIN are fever, rash, and eosinophilia with symptoms of ARF. 11, 15, 16 Michel et al showed that less than 30% of patients had classic triad of AIN (fever, rash, and eosinophilia) in their biopsy series. 17 In another study done by Effa et al this triad occurred in only 1.9% of patients. 13 In our study, the classic triad of AIN was described in 10% of patients and all patients had modest proteinuria and renal failure but there was a need of RRT at presentation in only one patient.
In our study, drugs were the most common cause of AIN followed by autoimmune diseases. This is similar to that reported in many studies worldwide. 12, [18] [19] [20] [21] The findings of several studies are compared in Table 5 . The etiology of AIN is changing with prevalent medication use. The most common culprit drugs in our study were NSAID (23.3%) followed by antibiotics (10 %) while the most frequent autoimmune causes described were sarcoidosis (16.7%) followed by Sjogren's syndrome (10%). These findings were similar to several studies where drugs were the most prevalent cause of AIN (Table 5 ). Thus, based on our results of a relatives mall number of infectious causes and a large number of autoimmune diseases, we showed that this data may reflect the etiopathogenicity of AIN in North Africa. However, further larger studies over longer time periods are required to confirm this trend.
Muriithi et al showed that the cause of AIN had no impact on recovery at six months. 12 In contrast, in our study, a good outcome (renal recovery) was associated with autoimmune diseases (P = 0.02). We speculate that our sample was not large enough to obtain similar results. The treatment of AIN is empiric, withdrawing Steroid did not significantly impact on recovery at 6 months postrenal biopsy AIN: Acute interstitial nephritis, RRT: Renal replacement therapy. the culprit drug and treating the causative agent are the most effective intervention. 12 Effect of steroid therapy in AIN remains unclear. In fact, several studies questioned the effectiveness of steroids, which have shown conflicting results. (Table 5) In the current study, we found that steroids did not significantly impact on renal recovery (P = 0.14). Similar results were reported by other studies (Table 5 ). In contrast, one Spanish study found that there was the good recovery of kidney functions after treatment with steroids and have established the importance of early start of steroids for renal recovery and to avoid the evolution of interstitial cellular infiltrates to interstitial fibrosis. 23 In another study, Raza et al. showed a greater proportion of renal recovery in steroid-group. However, no association was found between the degree of renal recovery and delay in starting steroids. 20 The data about histological examination which provides important information about the renal outcome of AIN are few and conflicting. 22 Bhaumik et al showed that the presence of interstitial fibrosis and tubular atrophy were associated with poor prognosis; however, the severity and type of infiltrates did not affect the renal outcome. 22 In contrast, Buysen et al. found no correlation between interstitial fibrosis, tubular atrophy and interstitial edema, infiltration and clinical course. 24 In this study, a good outcome was associated with higher intensity of interstitial edema (P = 0.01). However, a higher percentage of interstitial fibrosis (P ˂0.01) and glomerulosclerosis (P ˂0.01) were associated with no recovery. Thus, interstitial fibrosis and glomerulosclerosis are signs of chronicity, so it is understandable that the presence of these may be a factor in no renal recovery. The current study found that the presence of a granuloma was associated with no renal recovery (P = 0.04). Similar results were also reported in another study reported by Singer et al. 25 
Limitation of study
There were some biases in the current study.
First, our study included a small sample size due to the fact that renal biopsy was not indicated systematically in AKI. Hence, our results do not clearly describe the spectrum of AIN. Second, this was a retrospective study and indications for corticosteroids in the management of drug-related AIN were not standardized. Therefore, large prospective regional studies are needed for further definition of clinical features of AIN, indications of corticosteroids and the factors of renal prognosis.
Conclusion
In this study, AIN is identified in a relative minority of all renal biopsies. It is frequently associated with the prescription of drugs and autoimmune diseases. A good outcome was associated with autoimmune diseases and with higher severity of interstitial edema. However, the presence of a granuloma, a higher percentage of interstitial fibrosis and glomerulosclerosis were associated with no recovery and steroids seem to have no effect in the recovery. This information provides a contribution toward understanding the epidemiology of AKI in Africa, with possible implications for the planning of future prospective studies.
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